OBJECTIVES The purpose of this study is to verify how accurately wearable devices measure energy expenditure while walking outdoors.
Introduction
It is well known that increased physical activity improves the quality of life of modern people through disease prevention and health promotion. Due to this trend, many people participate in various physical activities, but in order to maximize the effectiveness of exercise, a safe and efficient exercise program suitable for individual characteristics and fitness is required. To this end, monitoring of energy consumption, which indicates the exact amount of physical activity, is necessary. Recently, many wearable devices have been developed to measure energy consumption during exercise. For example, various types of pedometers, smartphone applications, Fitbit products are widely used.
According to the latest forecast from International Data Corporation's (IDC) Worldwide Quarterly Wearable Device Tracker, the global market for wearables grew up 71.4% from 178 million units in 2018 to 305.2 million units in 2019. From there, total volumes will grow to 489.1 million units in 2023, resulting in a compound annual growth rate (CAGR) of 22.4% [1] . Wearable devices are used not only by professional athletes, but also by people who want to exercise for health.
In addition, it is expanding to various medical services such as providing feedback through monitoring physical activity of Asian J Kinesiol 2020; 22 (1) : 33-37 · DOI: https://doi.org /10.15758/ajk.2020.22.1.33 [2, 3, 4] , and rapidly responding to emergencies by monitoring 24-hour physical activity of high-risk patients [5, 6] .
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Accordingly, studies to verify the feasibility of measuring energy expenditure of wearable devices have been actively conducted [7, 8, 9] . Most of them, however, have been done indoors using treadmills or bicycle ergometers. Some studies have been conducted in outdoor environments, but all in flat road [10, 11] . In particular, the effectiveness of measuring 
Procedure
The subjects wore four wearable devices (Fitbit Surge, pedometer, Android Phone, and iPhone) and a portable gas analyzer simultaneously and walked on flat, downhill and uphill road <Figure 1>. All subjects restricted excessive exercise 2-3 days before the experiment and maintained the same diet and physical activity 24 hours before the experiment.
The energy expenditure measured by the wearable devices were validated against the energy expenditure measured by the portable gas analyzer.
Measurements
Subjects walked on flat, downhill, and uphill road in (1): 33-37 · DOI: https://doi.org /10.15758/ajk.2020.22.1.33 provides energy expenditure and walking distance based on the subject's height, weight, age, and gender. Lastly, iPhone (iPhone 6, Apple Inc., USA) was worn on the right upper arm.
It contains GPS, gyro sensor, accelerometer, and barometer sensor. Run keeper, a built-in application, provides energy expenditure and walking distance based on the subject's height, weight, age, and gender.
A portable gas analyzer (K4b2, COSMED Inc., Italy) was used to measure accurate energy expenditure during walking.
Subjects wore masks connected to portable gas analyzer on their backs while wearing four devices.
Statistical Analysis
In this study, the mean (M) and standard deviation (SD) were calculated using SPSS 21.0.
Pearson's correlation coefficient and paired t-test were performed to verify the validity of measuring energy expenditure by wearable devices. The significance level (α) for all statistics was set at p <0.05.
Results
The characteristics of subjects are shown in Table 1 . All subjects completed the experiment without dropout. Values are mean ± standard deviation
The results of correlation analyses between portable gas analyzer and wearable devices for energy expenditure of walking on three different road slopes are shown in Table   2 . Galaxy S6, iPhone 6, and pedometer showed significant correlation with the gas analyzer for measuring energy expenditure in all three road slopes, flat, downhill, and uphill road. Among these three wearable devices, iPhone 6 showed the highest correlation followed by Galaxy S6 and pedometer.
However, Fitbit Surge did not show any significant correlation with the gas analyzer for measuring energy expenditure in all three road slopes.
Energy expenditure of walking on flat, downhill, and uphill road measured by the gas analyzer and wearable devices are shown in <Table 3>. Fitbit Surge significantly overestimated energy expenditure of walking on flat (33.1%) and downhill (55.6%) road compared to the gas analyzer. However, there was no significant difference in energy expenditure 
Discussion
The purpose of this study was to verify the validity of the wearable device for measuring energy expenditure in the outdoor condition. In particular, we included both men and women for subjects, tested on three different road slopes (flat, downhill, and uphill), and repeated the same experiment three times to increase reliability.
The results of this study showed a significant positive correlation between energy expenditure of walking on flat, downhill, and uphill road measured by Galaxy s6, iPhone 6, and pedometer and a portable gas analyzer. However, all three of these devices significantly overestimated or underestimated the energy expenditure of walking in all three road slopes compared to the gas analyzer. This suggests that Galaxy s6, [7, 8, 9] . Considering that these studies were conducted in laboratory, it is not surprising that Fitbit Surge overestimated energy expenditures in flat, downhill, and uphill walking, which were not correlated with a gas analyzer in this study. Since Fitbit Surge contains an optical sensor to accurately measure heart rate, these results might be due to its algorithm. As other devices, it needs to be made up to increase validity to measure energy expenditure.
